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Preliminary Design Parameters of 6 GeV Storage Ring Lattice
for Synchrotron Light Source

Introduction

In this note, we describe a design of lattice, which is by no means
optimized for the ultimate performance, but these parameters can be used for
the starting point of other design efforts. Assumptions and features used in
this design are:

1. 32 periods which is reasonably high periodicity for chromaticity
corrections.

2, Achromatic bending cell which enables us to make all straight sections
to be dispersion free.

3. Twiss parameters at dispersion area are the same for all cells to make
undulator straight section can be tuned to wiggler straight section
and vice versa.

4., No attempt is made to extract the photon beam from bending magnets,
and when this feature is added, the lattice design may have to be
changed in order to provide the photon beam channel.

5. Natural emittance in the horizontal plane is made as small as possible
in the range of 1078m radians. This value can be optimized later by
judicious choice of the Twiss parameters through the bending magnets.

6. The bending magnet should have parallel edges in order to simplify its
construction. This assumption implies that there is vertical
focussing from the edge.

7. The beta functions at the straight section should be tunable so that
various configurations of the insertion devices should be
accommodated,

Lattice

Amongst several of the series of lattice structure studied, we describe
one series, which is representive of all others. 1In order to show the
capability of adjusting the beta functions at the straight section, we
describe, at first, all wiggler lattice, which requires smaller beta functions
for both planes at the wiggler.

Figure 1 shows the Twiss functions of one period of this lattice which is
24 m long. Table 1 describes lengths and strengths (MKS unit) of the lattice
elements. Table 2 shows the Twiss parameters along the lattice. The values
are calculated at mid-point and at the end point of each element. The eta
function shown in Fig. 1 has a magnification factor of ten and displaced by



ten in order to show the details. 1In Fig. 1, the insertion straight section
is shown in the middle of the figure, and in order to describe sextupoles for
chromaticity corrections, the same lattice in a different element sequence is
in Fig. 2.

Computer code, PATRICIA, is used to investigate the chromaticity
corrections and dynamic aperture study. Natural chromaticity, defined to be §
= dv/dP/p, of this lattice is -122.3 in the horizontal plane, and is -41.4 in
the vertical plane assuming linear lattice with no sextupole contributions
from any element. With the arrangement of two family sextupoles (one SF and
two SD's per period) shown in Fig. 2, the chromaticity can be adjusted to
zero., Integrated strength of sextupoles are SD = -6.12/m2 and SF = 2.9/m”,
Figure 3 shows the non-integral part of the tune variations as a function of
Ap/p. Figure 4 shows the variations of the beta functions with respect to
Ap/p. Table 3 shows other pertinent parameters of this lattice.

Tunability of the beta functions at the insertion straight section is
demonstrated in Fig. 5. What is done in this figure is that while keeping the
Twiss parameters of the end point of the lattice shown in Fig. 1 (wiggler
lattice) constant, the strengths of QD3, QF2 and QDl are changed to make a
high beta insertion straight section which is required for undulators. In
doing so, the QD1 is turned off in order to make the straight-section length
long. To distinguish this undulator period from the wiggler period, the new
setting of QD3 and QF2 are renamed to be QD6 and QF7 as shown in Fig. 6.

Table 4 shows length and strength of this lattice elements in the MKS units.
The Twiss parameters along the lattice is shown in Table 5.

Natural chromaticities of this lattice are: &x = -66,7 and &y = =-22.2
under the similar assumption as described previously, Using integrated
sextupole strengths of SD = -3.95/m2 and SF = 1.63/m2, these chromaticities
can be made zero with sextupole arrangements similar to that described
previously. The tune variations and the beta function variations at the
center of insertion straight section are shown in Figs., 7 and 8. Table 3
shows other pertinent parameters of this lattice.

Remarks

1. It should be noted here that the trade off between the length and the
strength of quadrupoles has not been performed, therefore the
straight-section lengths of 3 m for the wiggler and 5.9 m for the
undulator can be made longer by 10 cm or so by readjusting these
parameters.

2. As noted earlier, the Twiss parameters at the mid-point of the wiggler
period are the same as those of the undulator period, two periods can
be combined to make a sixteen-period machine consisting of one wiggler
cell and one undulator cell in each period. However, there should be
a word of caution which is to be careful about resultant tune of the
machine which may turn out to be at an undesirable working point. If
this happens, then we must readjust the insertion quadrapoles, i.e.
QDl, QF2, QD3 for the wiggler cell, and QD6, QF7 for the undulator
cell, while the Twiss parameters at the midpoints of each cell are



kept the same, At present, the method used for this tuning is
somewhat tedious, but we must devise an easier method. This technique
must involve finding of the working point as well as dynamic aperture
search.

As stated earlier, the lattice parameter described here is one series
of many. An example of variation of lattice is shown in Fig. 6.
Without changing magnet locations, many variations of the lattice
setting can be made.

Photon beam path originating in the insertion device has been studied
with this lattice, and there appears to be no difficulties in
extracting ¥8 mr beam from the insertion point. However transporting
the bending magnet photon beam may face some difficulties due the
placement of the sextupoles. To alleviate this, we may have to change
the placements of elements or to devise very narrow sextupoles in
order to accommodate %8 mr beam.

This notgmay serve as the starting point of tooling up the design
study, however, we must be prepared to change the layout as we
progress toward the final layout.
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TOTAL LEMGTH=  7&2.@4 METERS, TOTAL EEMD= 3&@.0800 DEGREES
BETAX=  28.841 METERS  ALPHAX= 9,088 HUX= 32+ 9.26554 = 4, 267¢
EETHY= 2.538 METERS  ALFHAY= B.EBE  HUY= 19.2515
ETHX = G.4585 METERS  ETA'X = @.0808  TRGAMMA 5@, 3331
EEAM RIGIDITY=2@,.813% M,¥ EMITT=.611A89 ,.08118 FPI CH-MR,DPF=.86168 |COMMANDS
ELEMENTS: 28 ELEMENT DEFIHITIONS |GF2 GUAD 2.2 1.9089 18.355 @.958| EBEAN
MAM TYFE W%AR LEM,ANG  E,E’ H,GAF|QDZ QUAD 6.6 .700688 -17.64 ©.0008| ELEMENTS
L1 DRFT ©.8 1.5008 ©.0008 0.600|004 OUAD 6.8 .78088 -7.439 @.908| LATTICE
L2 DRFT 9.8 .S6089 ©,0900 5.888|0FS GUAD B.8 .700003 10.962 0.908| PERIODS
LZ DRFT ©.0 .300808 6.0080 @,008|008 QUAD 1.2 .7600808 -11.9%6 0.808) FIT
L4 DRFT ©.0 2.9900 ©.0008 B.088|0F7 QUAD 2.2 1.6008 ©.5200 0.000| TRAHSFOR
LS DRFT 9.0 .2@900 ©.0905 G.086|LX DRFT 0.9 .75089 O,0003 0.00808] INSERT
LE DRFT ©.8 .16088 @.0080 A.908|E EDGE .0 2.8125 .6£695 6.668] MATRIX
L7 DRFT ©.@ .65088 ©,00908 0.088[LM DRFT 6.5 .25008 O.0008 ©.808) GO
L2 DRFT @.8 Z.40859 0.0008 6.Q89 CYCLE
SO DRFT 9.8 .40008 ©.@000 0,000 GRAFH
M BEMD &.8 22,9508 .6E6R5 8.0 ITERATE
D1 QUAD 1.2 70088 -4.292 @.p8af - HELP
LATTICE: 1& ELEMEHTS: L¥ @FS Lz GDY LW E ® E L7 @03 L3 GFZ] SAYE
L& SI LS @DI L! RFL RECALL
QUIT
FERIODZ] FIT: HU ¥  =%.278,HU0 ¥ =19.23, NEW CRSE
32 PRINT

TABLE |
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9.90  B.08 20.34  B.08 B.47  B.80 0.6 .193 2.55  0.88 9.6 017
L¥ 9.33 B.35 20,85 -0.82 B.47  B.80 1.0 132 2.59 -B.15 3.4 817
L# H.38 8.75 28,87 -8.84 0.47  6.08 2.1 L1923 2.75 -0.30 16.5 .@17
GF S §.35 1.1 13.54  2.74 B.45 -0.89 3.0 .192 3.21 -1.83 23.4 .619
GFS 6.35  1.45 15.86  £.55 @.48 -@.17 4.2 .173 4.26 -2.04 23.9 .p22
2 6.25 1.78 12.75  5.86 B.36 -8.17 5.2 .155 5.35 -2.34 31.9 .@24
Lz 6.25 1.95 16.89  S.17 B.32 -8.17 4 L1237 £.68  -2.64 34.3 .027
G4 6.35 2.39 7.0 E.39 B.27 -8.13  £.2 115 £.24 -1.92 37.8 .0320
R 9.35  2.65 5.24  2.84 B.23 -0.16 12.2 .89 9.28 -0.95 39.2 .03z
Lh @.43  3.62 3.62  1.62 B.19 -@.18 17.7 .082 19.13 -1.04 41.8 623
LH 8.43  2.58 2.42  1.20 B.14 -8.16 25.8 .B67 11.85 -1.13 44.1 .@35
E B.E3 0 2,540 2042 1,20 B.14 -0.16 25.8 067 11.065 -1.11 44.1 .525S
M 1.4 4.9%  1.83 -0.25 0.684 -6.85 99.8 .032 14.76 -1.41 58.7 .p48
M 1.48  6.45 3.95 -1.6% 0.68 6.90 135.56 .666 19.35 -1.780 55.7 .04s
E 8.98  £.45 3,95 -1.78 B.80 0.80 135.6 .BE6 13.35 -1.67 55.7 .045
L7 ©.3% £.72 5.15 -2.82 B.80 0.00 139.7 .075 20.46 -1.74 SE.€ .G47
L7 B.33  7.18 €.57 -2.34 B.88 @.00 142.9 .B25 21.61 -1.80 S7.5 .@49
)ik B.35  F.45 9,19 -S.41 B.80  0.80 145.6 .181 20.55  4.71 585.5 .B48
@03 B.35 7.80 14,71 -19.91 B.08 0.89 147.3 .127 15.4%  $.26 59.6 .p41
2 @.15 7.95 18.16 -12.13 @.088 @.00 147.2 .141 12.82  £.42 60.2 039
Lz B.15 &.18 21.92 -13.38 6.80 .00 143.3 .156 108.42 7.52 €@.3 .624
GF2  8.58 S.60 30.68 -2.54 0.60 6.00 149.% .183 5.723  2.5% €4.8 .0625
OF2  @.58  9.18 26.32  18.44 0,00 -0.60 1S0.3 .1780 4.57 -0.83 7O.E LG22
L5 @.85 9.15 25.2% 18,23 @.98 -6.80 150.4 167 4.57 -0.084 71.2 .022
LE B.85 9.2 24.27 19.82 B.68 -0,60 1S0.5 163 4.58 -0.85 71.8 .@22
S50 B.208  9.48 26.43  9.18 A.00 -6.60 1S1.8 158 4.61 -0.89 74.3 .023
SD .20 9,80 16,93  £.35 0.68 -0.60 151.7 136 4.65 -0.13 76.% .623
5 @.18 5.78 15.38  7.93 B.60 -0.80 152.0 .130 4.83 -9.15 7S.0 .@23
LS B.16  9.868 13,75  7.51 ©.80 -0.60 152.4 123 4.71 -6.15 79.2 .623
I 1 B.35 18,15 9.28  5.37 @.60 -0.80 154.2 .161 4.74  ©.18 £3.5 .023
B 1 B.35 18.58 6.1 3.88 0.08 -0.60 1S6.9 .032 4.57 ©.37 2r.2 .p22
L1 B.75 11. 1.B2 1.98 -8B -0.60 169.9 .045 4.15  ©.13 S7.7 .621
L1 6.75 12, 6. 8.60 -.68 -8.80 L1821 4,81 -@.88 185.3 .21
L1 B.75 12. 1. -1.98  -.88 -0.60 .4 L8495 4,15 -8.19 115.9 .021
L1 6.75 13, £ 3,88 -.80 -@.00 .4 .882  4.57 -B.3F 128.% .@22
ot B.35 13, =B -S.37  -.@80 -@,00 Sl L 161 4,74 -B.18 133.1 .023
0ol 8,35 14.28 13, -7.51 -.08 -0.68 SB .123 4,71 @8.18 137.3 .823
LS B.19 14,38 15. -7.93  -.80 -0.00 L2 L1388 4.65  @.16 138.5 .023
LS 8.18 14.46 1£. -8.35 -.80 -0.00 -E L1336 4,65  B.13 139.8 023
ST 6.26 14,60 2. -3.18 -.85 -§.88 .2 156 4.61  ©.89 142.2 .0823
SD 5.20 14.808 24.27 -16.82 -.00 -6.00 .7 .163  4.58 .85 144.7 .022
L& B.85 14.85 25.29 -18.23 -.00 -@.00 .8 .167 4.57 .84 145.4 .@22
L6 B.85 14.98 2£.32 -19.44 -.00 -@.00 .8 .178  4.57 .63 146.8 .@22
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nF2 L5815, . 13.35 . —-.88 @0,.89 . .1 1a. =7.58 155.7 .9324
L3 .15 16 . 12,13 -.89 0.80 141 12, -3.42 156.4 .833
Lz .13 15, 14. 18.91 -.08 0.00 « 9 127 15, -3.26 157.8 .641
GD= .35 14, 2. S.41 -.088 B8.895 . 181 24, -4.71 152.1 .84%
Qnz .35 15, &. 2. 3¢ -.80 6.6 .2 L8385 21, 1.58 153.1 .0943
Ly <33 17, S. 2.82 -.88 9.488 . -875 26. 1.74 159.9 .847
L7 L33 17, S 1.7 -.80 B.68 . LBREE 19,35 1.67 188.9 .945
E .98 17. 3. 1.69 -—.B6@ 86.69 . .g55 19,35 1.79 1€68.9 .84%
M .48 19, 1. 8.25 8.84 8.65 .3 .B835 14,76 1.41 185.9 .@48
1" .43 20, 2. -1.28 ®B.14 B0.14 . LO57 11.685 1.11 1?2.5 .635
E .83 Z2d. 2. -1.28 8.14 @8.1a .0 L.B57 11.685 1.13 172.5 .835
LM ©8.43 29, 3. -1.62 ©8.19 @.18 3 .BB82 19.13 1.84 174.8 .833
LM @.42 21. S. -2.684 ©0.23 6.18 452.1 ,89% 9.23 B.93 177.3 .@32
ond 8.25 21. 7.82 -3.38 0.27 8.13 455, L1135 &.24 1.98 179.6 .639
Qog 8,35 z2. 18.88 -S.16 ©.32 0.17 457.3 137 &.64 2.64 182.3 .827
2 6.25 zz2. 12.73 -5.86 B8.26 6,17 4592.1 .155 5.35 2.34 124.7 .824
Lz B.25 22. 13.85 -6.5855 0.40 0.17 40, 173 4.28 2.4 187.7 .82z
QFS .25 22. 19.54 -3.74 B.45 0.6% 451.2 192 2.21 1.62 193.2 .619
QFS 8.35 22. 28,87 .84 0.47 -8.686 452, »198  2.7S Q.26 268.1 .6817
Lx ©.38 22.63 208.85 g.9z2 ©.47 -6.68 453.2 .1%8 2.59 8.15 2B3.1 .17
Lx 8.35 24.80 20.84 -6.68 0.47 -6.00 454, 192 2.53 -8.48 216.6 .6817
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TABLE 2



TABLE 3

Momentum Compaction Factor 3.96 x 10-4
Horizontal Natural Emittance (m) 2.3 x 1074 x E(GeV)2
Energy Spread (%) 0.0156 x E(GeV)
Transition Gamma 50.233

Energy Loss per Turm 3.82 MeV

<Beta x> for all W 9.8 m

<Beta y> for all W 9.7 m

rf Voltage 4.4 MV

rf Phase (degree) 61

Synchrotron Frequency 2.1 KHz
Synchrotron Damping Time 4 msec
Betatron Damping Time 8 msec

Bunch. Length (I = 0) 8.3 mm

<Beta x> for all U 14.9 m

<Beta y> for all U 10.8 m



MATCHED FUNMCTIOHS FOR 32 PERIDD(S)

TOTAL LEMGTH= 763.43 METERS, TOTAL EEMD=

EETRX= 28.5%3% METERS ALPHAX= 0. 8849
EETRY= 2.538 METERS ALPHAY= -8.8848
ETRX = B.485 METERS ETR’X = -@.848

BEAM RIGIDITY=26.01232 X,¥ EMITT=.601140 ,.39118
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IFF=.068180

ELEMENTS: 28 ELEMEMT DEFIMITIOHS |GF2 QUAD 2.2 F.H204 B.8080
HAM TYFE VAR LEHM,ANG E,B” H,GAP|GD3 GUARD 1.2 -12.62 B.89895
L1 DRFT 4.9 1.5090 @.0000 9.909(0204 QUAD 6.9 -7. 433 B.8aa
L2 DRFT 8.8 .59400 0.9909 0.003 0FS QUAD 0.9 .7BE88 18,352 0,800
L3 DRFT 9.9 .38600 6.6083 3.8468{006 QUAD 1.2 760868 -11.96 0,008
L4 DRFT 0.8 2.%008 ©.0998 A.0800[0F7 QUAD 2.2 1.0088 &.5389 &.904
LS DRFT 9.9 26000 ©0.0060 9.86808|LX DRFT 0.8 .7S000 0.0000 6.000
L& DRFT 8.9 .10903 0.2560 A,.060(E EDGE 8.8 2.8125 .£4505 0,689
L7 DRFT 9.8 .55660 0.0088 0.908|LM DRFT 6.5 .SS0009 0.0000 0.050
L2 DRFT 8.8 2.4990 ©.0899 §.889

SO DRFT B.8 .48000 99,0808 9,009

1 EEHD 2.2 2.9500 .(€6£65 9.60400

@01 GUAD 8.9 .79003 -.0000 8,000

LATTICE: 12 ELEMENTS: LX GFS LZ 0D4 LM E

L SD LS @Df L1 RFL

FERIODS| FIT: TALFAX =8.000, TALFAY =0.068a,
32

BERNM
ELEMEHTS
LATTICE
PERIODS
FIT
TRAHSPOR
IMSERT
MATRIX
=0

CYCLE
GREAPH
ITERRATE
HELP
SAYE
RECHLL
QUIT

NEW CHRSE
PRINT

TARLE 4



ELEN LTH 5SUM L  EETAX ALFHAX ETAX ETH X FIIA # EBETRY ALFHARY FSIY Y
i CH CH (M» (RAD> CDEGH (CHM> (Mo (DEG» <CHMO
6.88 8,88 290,34 B.89 B.47 -9.499 B.8 193 2.%4 -g.60 g.8 .9317
L 5 I B.32 20,85 -B.6B2 @.47 -0.489 1.8 .193 2.52 -&.1%5 2. LB
L¥ 5.3 B.75 ZA.87 -6.84 8,47 -6.94 2.1 .132 2,76 -0.38 1s5.5 .61°7
LF 3 B.35  1.18 13,54 3.4 B.45 -0.89 Z.08 .13%2 3.21 -1.83 23.3 .819
GFS .35 1.45 15,88 .55 B8.48 -@,17 4,2 1732 4.26 -2.84 28.8 .922
L B.25  1.78 12,70 5.856 B.38 -6.17 5.2 .155 5.3 -2.34 321.3 .624
Lz .25 1.95 18.00 5.17 B8.32 -8.17 £.4 127 6.6 -2.64 34,2 .BZ7
ong B.325 2.3 7.8 3.3 B.2Y -B.13 £.2 .115 8.25 -1.9% 3&.% .03248
Qo B.325% 2.5 5.24 2.84 B.22 -9.18 12,2 .83%3 9.2% -8.93 39.2 .32
LK B.42 2.83 32,62 1.¢2 ®.19 -8.18 17.7 .032 fe.13 -1.84 41.7 .0323
LM g#.42 3.58 2.48 1.20 p.14 -8.18 25.8 @67 11.85 -1.13 44.80 .9333
E g.8 3.58 2,42 1.28 @.14 -8.18 25.8 .667 11.8% -1.11 44.8 ,833
il 1.4% 4,93 1.83% -0.25% @0.84 -6.95 95.8 .83% 14.7c -1.48 S@.5 .94@
M 1.43 €6.45 32.25 -1.6% B8.08 ©0.8% 135.6 .686 13.32 -1.78 5L.5 .844
E @.88 £.45 3,95 -1.78 9.8 B0.60 125.8 .B85 19.33 -1.67 55.€ .B45
LY B,.33 €.78 S5.15% -2.82 ©@.048 8.868 139.7 .673 28.44 -1.Y3 GSe.c 847
Ly B.3%2 7.18 &.57 -2.24 @.84 B.560 142.9 .835 21.5% -1.88 G5V.4 .849
Qe B,35 7.45 £.94 -4.e8 B.868 6.80 145.6 .8%3 21.15 2.93 5&8.4 .848
Qe .35 .88 12,35 ~-8.32 B.86 6.90 147.4 121 17.&% £.72 05%.4 .@44
2 #.15 7.9%5 15.97 -9.11 B.868 0.80 142.8 .133 15.71 .32 59.9 .842
L3 8.15 .18 12,82 -9,.%906 0.80 0.88 145.5 .144 13,36 5.98 €8.3 .835
nF? @.5@ ©.60 27.22 -6.26 B.88 B.00 14%9.8 .173 9.7V 2.9% 62.49 .,0633
QF7 8.28 9.18 26,42 .15 ©.60 6,948 158.7 .183 8,28 g.41 6&.3 .834
L 1.45 18,55 Za. 21 @.85 B.E0 6.68 152.5 .1832 7.3% B.28 7E.9 .029
L 1.45 12.6%9 38,14 g.68 9.88 8.89 158.2 .182 V.69 B.88 83,5 .628
L4 1.45 13.45 30,21 -0.85 @.68 6.90 159.8 .182 .39 -6.26 1lg8.1 .829
L4 1.45 14,96 29,42 -@.19 .88 @0.6808 141.7 183 8.2%2 -9.41 118.7 .938
LY @.58 15.48 27.22 6.26 B.00 -8.688 162.7 .172 9.72 -Z.5% 114.8 ,8332
GF7Y B,58 15.98 13,82 9,98 .80 -9.88 164.8 144 12.8% -5.98 115.3 ,@33
a f.15 16,89 15,97 9.11 @.808 -8.068 1e64.4 133 15.70 -£.35 117.1 .842
Lz @.1% 16,28 13.35 .22 B.ge -8.88 185.8 121 17.62 -&.77 117.8 .844
QD B.35 16.55 &.94 4,68 ©B.86 -9.88 155.9 B899 21.16 -2.93 113.8 .848
(8311 f8.35% 16,38 6,57 2.34 B.88 -8.688 12,5 .885 21.57 1.80 113.8 .943
v @.33 1v.22 S.1% .82 ©.08 -0.88 172.7 .875 20.43 1.72 128.4 .84y
Ly @.22 17.55 3.93 1.76 9.60 -8.689 1P8.9 6586 19.32 1.67 121.4 .84¢
E G.88 17.55 32.93 1.6 B8.80 -6.6808 175.9 .846 13.32 1.78 121.4 .645
M 1.42 19,82 1.68 g.25 ©.84 ©6.685 222.95 .838 14.74 1.48 12e.4 .@48
M 1.4% 28,59 2.43 -1.20 ©.14 @8.18 285.7 .667 11,04 1.11 1338 835
E 8.60 28.56 2.48 ~1.20 @.14 B.18 225.7 .657 11.684 1.12 133.8 ,B835
L 6.43 29,93 3.69 -1.62 8.19 @4.16 254.2 .682 19.12 1.64 135.3 .60323
Lt B.42 21.25 5.24 -2.84 B.23 @.16 32368.2 .893 9.28 .95 137.8 .B822
B804 @.25 21.vy8 7.88 -3.39 6.27 @©.13 283.6 .11% 8.24 1.97 148.1 .038
and B.325 22.685 1B8.60 -S5.17 ©.22 @A.17 385.8 .137 E&.60 Z2.64 142.8 .827
2 6.25 22.38 12.76 -5.86 8.26 ©.17 387.3 .155 5.35 2.34 145.2 .@824
Lz @.25 22.55 15.86 -6£.55 B.48 6.17 I82.3 .173 4.z26 2.84 142.2 ,822
GF 3 @.25 22.98 19.54 -3.74 ©.45 0.6% 309.4 .19z 2.21 1.83 153.7 .81°9
GFS 1,35 23.25 28,27 0.4 ©.47 -0.98 3I14.4 .193 2.76 0.38 18B8.6 .B17
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